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Abstract

Objective: To analyze the indications, complications, and outcomes 
of pediatric tracheotomies.

Material and methods: All tracheotomies performed in a tertiary 
referral center between January 2011 and December 2015 were re-
viewed retrospectively.  Demographic characteristics of patients, types 
of referral to hospital, tracheotomy indications, preoperative evalu-
ation findings, surgical technique, postoperative care and complica-
tions, discharge and follow-up results were analyzed.

Results: A total of 152 pediatric patients underwent tracheotomy at 
our hospital during this five year period. The median age of patients 
at the time of tracheotomy was 15.8 months, ranging from 24 days 
to 17 years. Of the 152 patients, 91 had neurological diseases, 38 had 

cardiopulmonary diseases, 14 had craniofacial abnormalities, seven 
had upper airway obstruction, and two underwent tracheostomy for 
trauma. Eleven (7.2%) patients experienced early complications, and 
15 (9.8%) experienced late complications. Twenty (13.1%) patients 
were decannulated during the follow-up period. Unfortunately, 9 pa-
tients (5.9%) died of primary disease and 3 patients (1.9%) died of 
tracheostomy-related complications

Conclusions: The majority of procedures were performed for diseas-
es leading to prolonged mechanical ventilator support such as neu-
rological and cardiopulmonary diseases. This study demostrates the 
importance of tracheotomy indications, which are the main predictors 
of decannulation rates. The other significant predictor is pulmonary 
complications that may cause permanent dependence of mechanical 
ventilator support as a result of pulmonary failure.

Key Words: Pediatric tracheotomy, tracheostomy, decannulation, 
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1. Introduction 
Tracheotomy/tracheostomy is defined as the temporary or 
permanent opening of the trachea by a surgical procedure. 
Although the history of tracheotomy dates back to ancient 
Greece, pediatric tracheotomy is a newer procedure and 
was first applied by Caron in 1766 [1]. Modern pediatric tra-
cheotomy applications have been described by Trousseau 
since the 1800s [2]. In 1921, a significant reduction in tra-
cheotomy-related mortality and morbidity was observed 

after Jackson’s redefinition of the proper technique and 
postoperative care recommendations [3]. Up to the 1980s, 
the most common cause of tracheotomy was acute upper 
respiratory tract obstruction due to H. influenza and C. 
diphtheria infections, with a marked shift in the indications 
for tracheotomy with the onset of vaccination against these 
microorganisms [4,5]. Although the number of indications 
for tracheotomy and incidence of urgent tracheotomy are 
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gradually decreasing, the number of total tracheotomies 
is increasing. The most important contributor to the in-
creased overall incidence of pediatric tracheotomies is bet-
ter survival outcomes in patients with mechanical ventila-
tion support as result of improved pediatric intensive care 
units (PICU). 
The purposes of tracheotomy in adults and in children are 
the following: to provide airway patency by bypassing an 
obstructed airway segment, to provide long-term mechan-
ical ventilation support if needed, to facilitate patient care 
by clearing tracheobronchial secretions and occlusions, to 
prevent the development of tracheal stenosis, and to fa-
cilitate  weaning from mechanical ventilation by reducing 
the dead space [6,7]. Today, the most common causes of tra-
cheotomy indications are neurological disorders, cardio-
pulmonary diseases, craniofacial malformations, metabol-
ic diseases and abnormal airways that require long-term 
mechanical ventilation support [8,9]. These changes in in-
dications led to marked changes in postoperative care 
and decannulation rates. Mechanical ventilator support 
is required in most cases of tracheotomy, especially those 
caused by neurological and cardiopulmonary diseases. Un-
fortunately, these situations make decannulation impossi-
ble in such patients.
We aimed to analyse indications, complications and de-
cannulation rates of pediatric tracheotomy in the current 
study. 

2. Materials and methods
This study was conducted in Ankara Children’s Hematol-
ogy and Oncology Research and Training Hospital, one of 
the largest children’s hospitals in Turkey after obtaining a 
local ethics committee approval (2013/064). All tracheoto-
mies performed at Ankara Children’s Hematology and On-
cology Research and Training Hospital between January 
2011 and December 2015 were reviewed retrospectively.  
Demographic characteristics of patients, types of referral 
to hospital, tracheotomy indications, findings of preopera-
tive evaluation, surgical technique, postoperative care and 
complications, discharge and follow-up results were ana-
lyzed. The complications experienced within the first week 
were considered early complications and those afterwards 
were defined as late complications. All cases with sufficient 
data were included in the study.
Statistical analysis was performed using SPSS version 21 
(IBM, Armonk, NY). Descriptive statistics were performed 
by independent t-tests and the Mann-Whiney U-test for 
mean comparisons of variables with two groupings. For 

variables with groupings of three or more a one-way ANO-
VA (analysis of variance) test was utilized. Chi-squared and 
Fisher’s exact tests were used to analyze categorical varia-
bles. All variables were reported  with percentage, median 
(age) and standard deviation; results were considered sig-
nificant for p:0.05.

3. Results
3.1. Demographics
A total of 152 pediatric patients underwent tracheotomy 
at our hospital during this five year period. Of these pa-
tients, 102 (67%) were male and 50 (33%) were female. 
The median age of patients at the time of tracheotomy was 
15.8 months, ranging from 24 days to 17 years (Figure 1). 
Seventy three (48%)of the patients were under one year of 
age at the time of tracheotomy. In 2011, the number of tra-
cheotomies in our hospital increased significantly with the 
opening of the pediatric otolaryngology department and 
the expansion of the intensive care unit (Figure 2). The av-
erage lengths of hospital stay of patients before and after 
tracheostomy were 13 and 27 days, respectively.

Figure 1: Age distribution of the patients.

Figure 2: Patient’ distributions by years.
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3.2. Indications and preoperative evaluation 
All patients scheduled for tracheotomy were evaluated 
comprehensively. The details of the procedure were ex-
plained to parents and informed consent was obtained.  
In all cases, laboratory studies including complete blood 
count and coagulation parameters were performed (other 
tests were performed on a case-by-case basis depending on 
the underlying disease). All patients’ airways were evalu-
ated in detail before the procedure (from nasal passages 
to tracheal carina). Patients were classified as having neu-
rological diseases (91 patients, 59.7%), cardiopulmonary 
diseases (38 patients, 25%), craniofacial abnormalities (14 
patients, 9.2%), airway obstruction (7 patients, 4%) and 
trauma (2 patients, 1.3%), according to etiology [5]. De-
tails of etiologies are summarized in Tables I and II. All 
patients except 14 were followed up in the intensive care 
unit with intubation during the preoperative period. All 
patients except seven (96%) were admitted to the emer-
gency department with respiratory distress and general 
condition disturbance. Ninety-seven out of 152 (64%) 
patients had pneumonia at the time of hospital admission. 
Distribution of pneumonia frequency according to etiolo-
gy is summarized in Table II. In addition to tracheotomy, 
airway patency was provided by other surgical methods in 
eight patients with respiratory distress. Four cerebral palsy 
(CP) patients with respiratory distress underwent supra-
glottoplasty by diode laser. In a patient with Pierre-Rob-
in syndrome, airway patency was provided by performing 
tongue-lip adhesion. In one patient, a vallecular cyst was 
detected and excised by diode laser. In one choanal atresia 
patient, a neo-choana was formed by transnasal endoscopic 
approach. Finally, one patient with mucopolysaccharidosis 
underwent adenotonsillectomy.

3.3. Surgical technique
All tracheotomies were performed by the same surgeons, 
FAA and NS. All cases were conducted under general an-
esthesia and in the supine position with shoulder rolls, if 
it was not contraindicated or an emergency situation. The 
head was hyper-extended in order to make the landmarks 
(cricoid cartilage, thyroid cartilage, hyoid bone and sternal 
notch) more apparent. A vertical skin incision was made in 
children less than one year of age, during an emergency and 
when the procedure was performed without assistance; in 
older children, a horizontal skin incision was preferred for 
cosmetic advantages. Subcutaneous tissues and strap mus-
cles were dissected bluntly. Vertical tracheal incision was 

made in all cases. Before May 2014, stay suture was used 
alone in 91 (59.8%) cases with 4-0 vicryl. Afterwards, mat-
uration suture was used for 61 (40.2%) tracheotomy cases 
with 4-0 vicryl. We secured the tracheotomy tube in place 
with soft tracheotomy ties (Velcro band)and skin sutures.

3.4. Postoperative care
Airway safety was provided by the surgical team or anes-
thesia team during transport from the operating room to 
the bed for all tracheotomy patients after the procedure. 
The service crew who cared for the patient was informed 
about the details of the procedure, and humidification and 
suction protocols were determined for each patient. The 
intubation set, the spare tracheotomy tube and the existing 
tube obturator were available at the bedside of the patient 
until the first tube change (postop first week), especially in 
patients with  high risk of decannulation (short- and thick-
necked patients such as those with mucopolysaccharidosis). 
In case of accidental decannulation, the approach (recan-
nulation or intubation) to be performed was previously 
determined.

Table 1: Patient Data Summary by Indications, complications and 
mortality.

Primary disease
Neurological 
Cardiopulmonary 
Craniofacial 
Airway obstruction
Trauma

91 (59,9 %)
38 (25 %)
14 (9,2 %)
7 (4,6 %)
2 (1,3 %)

Complication
Early 

Accidental decannulation
Wound infection
Hemorrhage
Cuff problem 

Late 
Peristomal granulation
Mucus plug
Accidental decannulation
Subglottic stenosis
TIF*
Total 

11 (7.2 %)
8
1
1
1

15 (9,8 %)
9
1
1
2
2

26 (17 %)

Mortality related trach
Early decannulation
Late decannulation
TIF 

Mortality related disease progression

Total 

3 (2 %)
1
1
1

9 (5,9 %)

12 (7,8 %)

*: Tracheoinominate artery fistula.
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3.5. Complications
3.5.1. Early 
All complications in the first week of hospitalization were 
classified as early complications. Early complications were 
observed in 7.2% (11) of patients (Table 1). In one patient, 
the cuff was cut during tube insertion and the tube was 
changed in the operation room. In another patient, wound 
infection was observed on the fourth day. In a third patient, 
peristomal hemorrhage was observed on postoperative day 
three and hemostasis was achieved with cauterization. Ac-
cidental decannulation was observed in eight patients, and 
five of these were opened before the use of the maturation 
suture. Three of those patients were intubated by the ser-
vice team and subsequently recannulated in the operating 
room by the primary surgeon. In one patient, massive sub-

cutaneous emphysema was observed at the eighth post-op-
erative hour, and it was seen that the tube came out of the 
trachea and entered a false passage. After recannulation, 
bilateral pneumothorax developed and a bilateral thorac-
ic tube was placed. After one week, the pneumothorax re-
sorbed and the tubes were removed. One patient died after 
accidental decannulation on the sixth post-operative day 
due to recannulation failure; after this death all tracheoto-
mies were performed with maturation suture. In three pa-
tients who were operated on using the maturation suture, 
recannulation was performed in their service conditions 
without any complication.

3.5.2. Late
Late complications were observed in 9.8% (15) of patients 

Table 2: Categorized Indications for Tracheotomy and Deccannulation-Pneumonia rates.

Category
(n:152)

Diagnosis Decannulation rate %
(n:20)

Pneumonia rates %
(n:97)

Neurological  
(n: 91)

CP + MMR*
Intracranial tumors
Hypotonic infant
Hydrocephalus
SMA type 1**
SSPE***
Birth asphyxia
Griscelli synd.
Status epilepticus
Traumatic brain injury

75 %
(n: 15)

60,8 %
(n: 59)

Cardiopulmonary
(n: 38) 

Pulmonary hypertension 
Complete AVSD****
Aberrant subclavian artery 
Acute respiretuar distres 
Great vessel transposition
Congenital heart failure
Bronchopulmonary dysplasia

5 %
(n: 1)

35,1 %
(n: 34)

Craniofacial 
(n: 14)
Crouzon syndrome
Zellweger syndrome
Mucopolysaccharidosis
Unspecified syndromic baby 
Pierre Robin syndrome

20 %
(n: 4)

4,1 %
(n: 4)

Upper airway obstruction
(n: 7)

Subglottic hemangioma
Mandibular osteosarcoma
Vocal cord paralysis

0 0

Trauma 
(n: 2)

Maxillofacial trauma
0 0

 *: Crebral palsy- mental motor retardation. **: Spinal muscular atrophy. ***: Subacute sclerosing panencephalitis. ****: Atrioventricular septal defect.
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(Table I). Bleeding from suprastomal granulation was ob-
served in nine cases resulting in the granulation tissues 
being removed in the operating room. In one case, there 
was respiratory distress due to mucus plug in the second 
post-operative week; the plug was removed with flexible 
bronchoscopy. In two cases stage 4 subglottic stenosis was 
observed. Airway patency was provided by repeated sur-
gical intervention with diode laser and both patients were 
decannulated. One patient who underwent tracheotomy 
due to subglottic hemangiomas died after accidental de-
cannulation in the first postoperative year. The decan-
nulation occurred at the patient’s home, and the patient 
had respiratory fatigue and carbon dioxide retention when  
admitted to the hospital. Respiratory arrest was observed 
at the first evaluation in emergency room. The stoma had 
completely closed spontaneously and recannulation at-
tempts failed. Although the patient was  intubated eventu-
ally, many unsuccessful intubations were attempted. Irre-
versible brain damage occurred due to prolonged hypoxia 
and the patient died after one week. One patient died due 
to unidentified abundant hemorrhage from trachea at the 
sixth post-operative month and this event was considered 
to be a possible tracheoinnominate artery fistula (TIF).  In 
another case, abundant hemorrhage was observed from 
the trachea at the third post-operative month and stopped 
spontaneously a few minutes later. When we examined the 
trachea with a flexible fiberoptic endoscope, granulation 
tissue was observed on the anterior wall of the trachea, 
consistent with innominate artery localization. Additional-
ly, in contrast-enhanced computed tomography, the artery 
was seen very close to the tracheal wall. The patient was 
accepted as having a TIF, and immediately a self-expand-
able stent was placed into the innominate artery by an in-
terventional radiologist. The bleeding did not recur after 
the intervention.

3.6. Decannulation outcomes
None of the 152 patients who had undergone tracheotomy 
could be decannulated during the hospitalization period. 
Nine of 152 (6%) patients died from primary disease pro-
gression without being discharged. One hundred twelve 
(78%) of the remaining 143 patients needed mechanical 
ventilator support during discharge. Three out of 31 pa-
tients who  tolerated self ventilation died of tracheoto-
my-related causes before decannulation. Twenty out of the 
remaining 28 cases (13%) were successfully decannulated, 
while eight were not. Decannulation rate was highest in 

patients with craniofacial abnormalities (28.5%), whereas 
no patients in the upper airway obstruction and trauma 
groups were decannulated. Flexible laryngobroncoscopy 
was performed under sedation anesthesia in all patients 
before decannulation. Patients without airway obstruction 
were decannulated and followed up for at least 24 hours. In 
two patients stage 4 subglottic stenosis was observed and 
airway patency was provided by repeated surgical interven-
tion with diode laser, which resulted in successful decan-
nulation (mentioned above in section 3.5.2). Despite the 
lack of obstruction in the airway, decannulation was not 
achieved in the remaining eight patients. Decannulation 
outcomes are summarized in Table II.

4. Discussion
There have been many changes in pediatric tracheotomy 
practice over the past 40 years. Namely, there has been a 
dramatic shift in tracheotomy indications from acute upper 
respiratory tract obstruction due to infections to diseases 
leading to prolonged mechanical ventilator support. This 
shift has also affected postoperative care and follow-up re-
sults. Campisi et al. evaluated the indications of pediatric 
tracheotomy cases between 1963 and 2009 [10]. According 
to this study, between 1963-70, infections were the most 
common indication, with a rate of 49%; in the 1980s, con-
current with a rise in vaccinations, this indication decreased 
to 14%, and then decreased to 3% after the start of the 
2000s, when airway abnormalities (58%) and neurological 
deficits (31%) became the most common indications for 
tracheotomies. In another study, when 37-year outcomes 
were examined, the most common indication between 
1960 and 1980 was acute upper respiratory tract obstruc-
tion caused by infection. After the 1980s diseases leading to 
prolonged mechanical ventilator support became the most 
common indications [6]; similar results were also observed 
in other studies [11,12,13]. In our study, which was comprised 
of 152 tracheotomy cases performed between 2011-2015, 
neurological and cardiopulmonary diseases were the most 
common indications, with rates of 59.9% and 25%, respec-
tively.
The aforementioned studies and our own have both shown that, 
in the coming years, diseases leading to prolonged intubation will 
be the most common pediatric tracheotomy indications. The most 
prominent of these are neurological diseases, particularly birth as-
phyxia, central nervous system infections, trauma, stroke, genetic 
disorders, intracranial tumors and those secondary to other syn-
dromic diseases [14]. A considerable number of these patients have 
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severe airway obstruction due to decreased neuromuscular tonus 
[15]. 
Continuous or biphasic positive airway pressure (CPAP 
and BIPAP, respectively) and adenotonsillectomy are the 
most common approaches to provide airway patency, 
though many surgical procedures have been used for this 
purpose [16-18]. However, the severity of these problems in-
creases with age, and tracheotomy is often the option of 
last resort [19]. In our study, airway patency was achieved 
without tracheotomy in eight patients by using a different 
surgical procedure.In patients with neurological diseases, 
another important problem is increased oropharyngeal 
aspiration (OPA) due to impaired swallowing function [14]. 
While many OPA cases are manifested with cough, OPA 
sometimes remains silent due to decreased cough reflex, 
especially in those with neurological disease. Weir et al. 
assessed 300 pediatric cases with swallowing difficulty in 
their study and showed that 81% of patients with OPA had 
silent aspiration, while also noting that silent aspiration is 
more common in neurological impairment and develop-
mental delay [20]. In another study conducted by Weir et al., 
increased OPA in patients with neurological deficits was 
shown to increase the risk of recurrent pneumonia [21].
Children with neurological deficits are more susceptible 
to pneumonia attacks and serious complications, and death 
due to respiratory failure is more common in this group 
[22-24]. In addition, the incidence of complications and mor-
tality due to influenza and respiratory syncytial virus (RSV) 
infection is higher in these patients [25,26]. Respiratory fail-
ure after recurrent pneumonia in these children is the most 
important cause of mechanical ventilation dependence [27].
In our study, 63.8% (97) of cases were admitted to the in-
tensive care unit due to pneumonia (Table II). These pa-
tients came to the emergency service with acute respiratory 
distress and were subsequently transported to the PICU. 
All of these patients were intubated after admission to the 
PICU and none were able to tolerate extubation. Of the 
patients who were admitted due to pneumonia, 59 had 
neurological deficits, 34 had cardiopulmonary disease and 
4 had craniofacial abnormalities. As noted previously, these 
patient groups are more susceptible to aspiration-induced 
pneumonia and infections such as influenza and RSV.
Despite recent medical developments, complications that 
may result in mortality in pediatric tracheotomy cases 
continue to be seen, with complication rates in the liter-
ature ranging from 11 to 51% [6,7,28]. Early complications 
(within the first week of hospitalization) include bleeding, 
infection, pneumothorax, tube obstruction and accidental 

decannulation. Late complications include airway steno-
sis, failure of decannulation or development of suprasto-
mal granulation, which can lead to respiratory failure and 
airway obstruction after decannulation. Less common 
late complications include tracheomalacia, tracheoinomi-
nate artery fistula (TIF), tracheoesophageal fistula (TEF), 
pneumonia and aspiration, each of which may be associated 
with significant morbidity and mortality [29]. In our study, 
we encountered early complications in 11 cases (7.2%) and 
late complications in 15 cases (9.8%). The most common 
complication was peristomal granulation tissue. In two cas-
es TIF was observed, and one of these patients died due to 
TIF (Table I). Major complications such as TIF are known 
to occur more frequently in pediatric tracheotomy patients 
[30]. Diseases that cause displacement of intrathoracic struc-
tures such as kyphoscoliosis are more common in pediatric 
tracheotomy cases and the fact that both the trachea and 
the arterial walls are weaker explain why this complication 
is common in these groups. There was severe kyphoscolio-
sis in both our TIF cases due to CP. 
Due to the functional, psychological and financial burden 
of long-term tracheotomy care, decannulation has always 
been the ultimate goal. In US, the annual cost of a trache-
ostomy patient is approximately $110,000, of which about 
60% is nursing costs [31]. Decannulation rates in the liter-
ature range from 35 to 75% [8,11,32-35]. The most important 
reason for this wide range is the diverse profile of patients 
who have tracheotomy. Funamura et al. showed that the 
decannulation rate was higher in patients with tracheoto-
my due to trauma than in patients with tracheotomy due 
to cardiopulmonary and neurological diseases [5]. We were 
able to decannulate 13% (20) of cases. The primary reason 
why our decannulation rate is low is that the vast majori-
ty of our patients (73.6%) needed mechanical ventilation 
during follow-up due to the nature of the primary diseas-
es.  The other reason is that our hospital is not a trauma 
center, so the emergency department only accepts patients 
in extraordinary situations, usually those involving severe 
trauma. Unfortunately, we could not decanulate any of our 
trauma patients due to severe brain damage. However, the 
literature supports increased decanulation rates of trauma 
patients, which is contrary to the results of our study. We 
believe the difference is related to the severity of trauma.  
Although we performed the tracheotomy with a surgical 
approach in all cases, in the coming years percutaneous 
tracheotomy may be more commonly used. Percutaneous 
tracheotomy (PT) has long been a safe and feasible pro-
cedure in adult ICU patients. PT is generally considered 
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to be contraindicated in children, especially in infants less 
than one year of age, because their tracheas are relatively 
small, mobile and foldable [36]. Studies and case reports re-
garding the use of PT in children exist but the number of 
cases is fairly limited [37-39]. One of the largest such studies 
in the literature was published by Göllü et al. with 51 cases 
[40]. In this study, 92% of the cases were under 10 years-old 
and 43% were under one year-old. Only one major com-
plication (tracheal posterior and esophageal anterior wall 
perforation) was observed in one out of 51 cases. In order 
for PT to be accepted at more centers, there is a need for 
studies with a higher number of cases and long-term fol-
low-up results. 

5. Conclusion
The most common tracheotomy indications in recent 
years are diseases that lead to mechanical ventilator sup-
port, such as neurological and cardiopulmonary diseases. 
Consequently, these situations reduce decannulation rates 
and increase the need for chronic care. One of the most 
important aims in the management of patients with trache-
otomy should be the prevention of mechanical ventilation 
dependence, which increases the risk of respiratory failure.  
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